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A Calcium Chloride Injection Process to Produce Guaranteed Tender and Calcium
Fortified Meat
Tommy L. Wheeler, Mohammad Koohmarale, and John D. Crouse1.2.3
Introduction
The recently completed National Beef Tenderness
Survey revealed that current beef production practices
result in considerable variation in meat tenderness and an
unacceptable percentage of tough meat, particularly round
and chuck cuts. It has been known for several years that
meat from Bos indicus cattle was tougher than meat from
Bos taurus cattle and that Bos indicus-influenced cattle
make up approximately 25% of the beef cattle in the U.S. In
addition, as the beef industry moves towards leaner beef,
many production systems that decrease fatness also result
in decreased tenderness (i.e., bulls vs steers, forage feed-
ing, growth promotants). Furthermore, the 1992 Beef
Quality Audit reported that retailers, restaurateurs and meat
purveyors all listed tenderness as one of their top ten prob-
lems. Clearly, some means of improving and ensuring meat
tenderness is needed.
A potential solution to this problem already exists. It has
been demonstrated by MARC scientists that meat tender-
ness can be improved dramatically at 1 day postmortem by
infusing whole carcasses or injecting specific cuts with a
calcium chloride solution within 1 hr postmortem. The addi-
tion of calcium activates a naturally occurring enzyme (cal-
pain) in the muscle which accelerates postmortem tender-
ization so that uniformly tender meat is consistently
obtained at 1 day postmortem. This process has been used
successfully in normal lambs, lambs fed a j3-agonist, Bos
indicus cattle and 12-yr old cows.
However, industry adoption of this technology will proba-
bly require hot-boning for prerigor injection or may be more
likely if it could be applied after 24 hr chilling, rather than
immediately postmortem, in order to avoid conflict with
inspection and grading procedures. Thus, several experi-
ments were conducted to evaluate the use of calcium chlo-
ride injection in hot-boned prerigor muscles (at 30 min post-
mortem) and to evaluate the application of the injection
process in postrigor meat (at 24 hr postmortem).
Procedure
Experiment 1. Fifteen Bos indicus bulls (3/8, 1/2 or 5/8
Brahman or Sahiwal x Angus or Hereford) were fed a grow-
ing diet and slaughtered at 18 mo of age weighing 1215 lb.
The bottom round muscles were hot-boned from seven car-
casses at 30 min postmortem. Eight carcasses were left
intact, chilled and the bottom round muscles removed at 24
hr. The muscles from the right sides served as controls.
The bottom round muscles from the left sides were injected
with a 3.3% calcium chloride solution at 10% by weight.
Experiment 2. Nine Bos indicus steers (3/8, 1/2 or 5/8
Brahman or Sahiwal x Angus or Hereford) were fed the
same diet as in Exp. 1 and slaughtered at 19 mo of age
weighing 1206 lb. The top round muscles were hot-boned
from both sides of each carcass at 30 min postmortem. The
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muscles from the right sides served as controls and the
muscles from the left sides were injected with calcium chlo-
ride as described above.
Six steaks were cut 1 in thick from all treatments, vacuum
packaged and two steaks each were aged either 1, 8 or 14
days postmortem at 35°F. At the end of the respective
aging periods steaks were broiled to 158°F internal temper-
ature, chilled 24 hr at 35°F then .5-in cores were removed
parallel to the muscle fibers to determine shear force (a
mechanical measure of tenderness: higher shear force =
tougher meat).
Experiment 3. Seven Bos indicus crossbred bulls (3/8,
1/2 or 5/8 Brahman or Sahiwal x Angus or Hereford) were
fed as described above and slaughtered at 16 mo of age
weighing 1276 lb. The longissimus muscle was removed
from one side of each carcass at 30 min postmortem and
divided into the following treatments: 1) aged 7 days, 2)
injected immediately, aged 7 days, 3) injected day 1, aged 7
days, 4) frozen day 1, thawed, aged 7 days, and 5) frozen
day 1, thawed, injected, aged 7 days. Injected treatments
were injected at 10% by weight with a 3.3% calcium chlo-
ride solution with a hand stitch pump. Frozen treatments
were frozen at -86°F for 7 days. All treatments received a
total of 7 days of postmortem aging at 35°F, then steaks
were cut, broiled and sheared as described above.
Results
In Exp. 1, calcium chloride injection of bottom round mus-
cles from carcasses of Brahman crossbred bulls significantly
reduced shear force requirements (improved tenderness) at
all postmortem aging times (Table 1). Postmortem aging
necessary to ensure tender meat was reduced to 1 day.
Even after 14 days of postmortem aging calcium injected
meat was more tender than the control meat. Hot-boning
had no effect on shear force of bottom round muscles.
Because hot-boning did not affect shear force in Exp. 1,
all top round muscles were hot-boned in Exp. 2. As with the
bottom round muscles, calcium injection resulted in signifi-
cant reduction in shear force requirementsof top round mus-
cles at all postmortem aging times (Table 1). Even though
the control top round muscles were initially tougher than the
bottom round muscles, the calcium injection was equally
successful at increasing tenderness by 1 day postmortem.
Research has previously shown that calcium injection of
prerigor meat dramatically tenderizes longissimus muscle.
All research to date in this area indicates that 1 day post-
mortem shear force requirements are consistently reduced
to 6 or 7 Ib by increasing the calcium concentration of the
muscle immediately postmortem. Industry adoption of this
process would probably require that it be coupled to hot-
boning so that the injection could be applied to meat soon
after slaughter. Hot-boning of beef has traditionally been
considered as a means of decreasing energy and labor
costs associated with chilling and fabricating beef car-
casses. However, its use has not been accepted by the
beef industry. It has been reported that tenderness of hot-
boned meat was sometimes decreased. This decrease var-
ied greatly, though, depending on the conditions of the hot-
boning process. Because our data indicate that hot-boning
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had no detrimental effect on tenderness, and that if it did it
would be more than offset by calcium injection, hot-boning
could be used to facilitate injection of calcium chloride,
thereby increasing meat tenderness and enhancing the
potential use of hot-boning in the beef industry.
However, the adoption of this technology by the meat
industry may be hampered by injecting the exogenous cal-
cium into prerigor muscle due to interference with USDA
inspection. It would logistically be much easier to inject a
calcium chloride solution into meat after 24 hr postmortem,
such as at the end of the fabrication line, before vacuum
packaging and boxing. However, it is possible that changes
in cell membrane permeability during rigor development
could restrict the entry of calcium into the muscle cell and
thus prevent the activation of the enzyme (calpain). If this
were the case, some additional means of ensuring that suf-
ficient calcium enters the cell to activate the enzyme (cal-
pain) would be needed. This might be accomplished by
freezing the meat first, then thawing and injecting, since
freezing creates ice crystals large enough to cause struc-
tural damage to the muscle cell membrane and could facili-
tate calcium uptake by the cell and enzyme (calpain) activa-
tion. In addition, frozen storage has been shown to
decrease the activity of the calpain inhibitor (calpastatin).
Thus, injecting previously frozen and thawed meat with cal-
cium chloride may enhance tenderization by increasing cal-
pain activity through increasing access to calcium and(or)
reducing calpain inhibitor (calpastatin) activity.
Experiment 3 was conducted to determine whether
injecting postrigor meat with calcium chloride would result in
similar tenderization as with prerigor injection. Meat from
---
the control treatment with 7 days postmortem aging was
less tender than other treatments (Table 2). Freezing alone
induced an intermediate reduction in shear force. Injecting
calcium immediately after slaughter or at 1 day postmortem,
with or without prior freezing,resultedin similarand dra-
matic reductions in shear force requirements at 7 days post-
mortem. Thus, freezing and thawing before injecting
postrigor meat with calcium chloride was not necessary to
obtain similar tenderization as with injection of prerigor
meat. This experiment confirmed that postrigor calcium
chloride injection tenderizes meat as well as prerigor injec-
tion if aged until 7 days postmortem. The freeze then thaw
and inject treatment was not necessary to obtain tender
meat. The National Beef Tenderness Survey indicated that
the earliest meat was displayed in the retail case was 7
days postmortem, so ensuring that meat will be tender by 7
days postmortem is sufficient.
These data indicate that either pre- or postrigor injection
of calcium chloride could be used to improve meat tender-
ness, depending on the individual operating conditions.
Furthermore, prerigor injection could be used in conjunction
with hot-boning to reduce processing time and costs. In
addition, this process would never overtenderize (such as
sometimes occurred with the enzyme papain) because cal-
pain also degrades itself and loses activity. In addition, cal-
cium chloride has been approved by FDA as GRAS
(Generally Recognized as Safe) at maximum levels of 3%
of an .8 M solution. These data indicate the potential for
ensuring that virtually all meat is very tender, regardless of
the source. Thus, calcium injected meat could be marketed
as calcium fortified and guaranteed tender.
Table 1-Effect of calcium chloride Injection and hot-boning on shear force (Ib) of top and bottom round muscles
* Calcium-injected meat was more tender (P < .05) than the control in all comparisons.
Table 2-Effect of time of calcium chloride Injection
and freezing on shear force of the loin muscle
Total
















a See procedures for detail regarding treatments.




Aging time. days Control Calcium Control Calcium Control Calcium
1 12.4 8.0 14.1 8.2 19.8 8.1
8 10.2 8.4 12.1 7.4 18.8 7.0
14 10.1 7.2 10.8 8.1 16.1 7.1
